Demand for ready-to-use and frozen baked goods is increasing. It provides the supply of fresh products as close as possible to the final consumer. One of the traditional and popular products in Latvia is meat pies. The purpose of the study was to determine the shelf life of ready-to-eat, frozen and defrosted meat pies by evaluating the possible impact of various factors on quality and microbiological parameters. The study analysed classical meat pies from yeast dough with smoked meat and onion filling from one Latvian bread producer. Each of the two types of meat pies were frozen after baking, packed in two different packaging materials and stored at -18 °C for five days. The defrosting of pies was carried out at room temperature (23±2 °C). Tests for frozen products was started immediately after their defrosting and every 24 hours during storage. Physicochemical and microbiological indicators were determined for meat pies. The identification of microorganisms present in the products by species was performed using API CHB/E biochemical test. Potential sources of microbial contamination at the plant throughout the production process were also evaluated. The results of the study showed that shelf life of baked, frozen and defrosted cut meat pies was 72 hours, for classic meat pies shelf life did not exceed 48 hours. The study did not identify any positive effects of the selected packaging materials on the extension of shelf life. The identified microorganisms, which reduce the storage time of the products and food safety, were B. subtilis and B. licheniformis.
Introduction
Freezing is one of the ways to extend the shelf life of products, increase production efficiency, and offer retailers and consumers safe, qualitive and fresh food. Freezing process reduces the content of the liquid phase in the product, which prevents microbial and enzymatic processes (Symons, 1994; Vasafi et al., 2019) . The use of frozen ready-to-use products at retail outlets gives traders the opportunity to offer fresh products on the day of purchase (Meziani et al., 2012) . Inappropriate storage of raw materials of baked goods can lead to impairment in the quality of the product. The shelf life of baked-frozen products is determined by the quality of production, the cleanliness of the premises and the hygienic conditions of storage. The average shelf life of meat-filled dough pies after defrosting is 2-3 days. Frozen products can be stored for up to 12 months at -18±3 °C (Symons, 1994) . After defrosting, the products become wastage during storage, which is about 4-5% by weight of the product. When the product is in a closed packaging, wastage increases the moisture content in the packaging, which promotes favourable conditions for the development of microorganisms. Properly selected packaging ensures the longest possible storage time (Gupta et al., 2016; Krämer, Prange, 2016) . Spore-forming microorganisms affect health, including Bacillus cereus and Bacillus subtilis (Pepe et al., 2003; Benwart, 2004; Saranraj, Geetha, 2012; Madigan et al., 2014) . The speed of growth and development of the microorganisms in the product depends on storage temperature, composition of the product, water activity (aw), pH of the product and air quality in the production plant. By varying these factors, the deterioration and shelf life of the product is affected ( (Parihar, 2013; Stewart, 2015) . Constructive design and layout of industrial premises, production flows, and outdoor air pollution in production premises can affect the quality of finished products. It is therefore important to carry out systematic hygiene control and monitoring. During baking, the temperature in the centre of the product is close to 100 °C, but the temperature exposure time does not allow the bacterial endospores to die. Therefore, special control should be given to rooms where dough and filling are prepared (Benwart, 2004) . Pollution in a manufacturing plant may result from inadequate cleaning of premises or hygiene practices that do not comply with the production specification. Even if the equipment is easy to disassemble and clean, it does not exclude the possibility that microorganisms may form on them, as well as dust or flour particles from the air (Lelieveld et al., 2016) . Good personal hygiene can prevent unwanted contamination of products with microorganisms, including the pathogens. Bacteria that cause food poisoning can be found on the hands of every employee, even a healthy person (Chao, 2003; Gupta et al., 2016) . The aim of the study was to determine the shelf life of ready-to-eat, frozen and defrosted meat pies by evaluating the possible impact of various factors on quality and microbiological parameters.
Materials and Methods

Materials
The meat pies from the yeast dough with smoked meat and onion filling were obtained from a Latvian bakery. One pie has a weight of 15 g, of which 10 g is a yeast dough and 5 g of meat filling (smoked pork cheeks meat with fresh onions, salt and pepper). After baking, the pies were frozen at -30±2 °C temperature, packed and stored at -18±2 °C. The defrosting was performed at room temperature (23±2 °C).
Physicochemical analysis
The water activity (aw) was determined using aw meter Novasina LabSwift-AW according to standard 
Statistical analysis
All measurements were performed in triplicate and reported as mean and standard deviation. The standard deviation and confidence level was calculated using a Microsoft Office Excel v13.0 application. For statistical processing of total plate count (TPC) in graphs, the results are expressed as lg CFU g
Results and Discussion
Sanitary hygienic control of workers was carried out during production. Swabs from the both hands of 10 employees were taken. Six employees worked on packing of frozen products, four -on product forming. During the work there is no rotation of these employees in the different departments of bakery. The presence of intestinal bacteria was not detected on the staff's hands in the packaging and forming department. Meat pies are a combined product that contains vegetable and animal raw materials. Such physical factors as water activity (aw) and pH are decisive factors in the development of microorganisms as bacteria, moulds, microscopic fungi development in baked goods (Kilcast, Subramaniam, 2011) . Water activity (aw) can be one of the parameters for monitoring food safety and shelf life. The manufacturer can then obtain complete information on changes in the product during production (Jay et al., 2005) . Water activity (aw) was determined in frozen meat pies after thawing and for the next three days during storage in two different packaging materials. Comparing the packaging differences, we can say that for products packaged in PU-packaging, water activity (aw) was by 2.89% higher than in the PL-packaging (Fig. 1) . Moisture analysis showed that changes in moisture content during storage were not significant (p>0.05). Moisture content of pies during storage packed in PU increased by 0.58% (from 34.3 to 34.5%), but packed in PL -by 0.89% (from 33.7 to 34.0%). Changes in moisture content of less than 1% indicated that both types of packaging during storage prevent the release of moisture generated during defrosting, which contributes to the development of microorganisms. Microorganism activity and product composition contribute to pH changes in the product. The pH of the product is one of the parameters for monitoring food safety and shelf life, so it should be periodically determined for each batch of products (Jay et al., 2005) . In all samples, regardless of the type of packaging, there was a decrease in pH. During storage for meat pies in PU packaging, pH dropped from 6.06 to 5.70, while for meat pies packaged in PL packaging, the pH dropped from 6.14 to 5.81 (Fig. 2) . Analysis shows that changes in pH during storage in different packaging material were not significant (p>0.05).
Figure 2. pH in meat pies during the storage time
PL -polyester packaging, PU -polypropylene packaging
The results show that the packaging material did not affect the growth rate of microorganisms. The TPC of the meat pies packed in PU packaging reached 3.53 lg CFU g -1 after 48 hours and in meat pies packed in PL packaging -3.51 lg CFU g -1 (Fig. 3) . According to the guidelines for assessing microbiological safety, the TPC for bakery is "satisfactory" below 10 4 CFU g -1 , "border line" between 10 4 -10 6 CFU g -1 and "unsatisfactory" when more than 10 6 CFU g -1 (Health Protection Agency, 2009). The study followed the quality standards of the bakery for their products. They require that the size of the CFU indicator for meat-filled baked goods should not exceed 3.50 lg CFU g -1 . Therefore, the meat pies became "unsatisfactory" within 48 hours at ambient conditions after defrosting. Pearson's correlation between these indicators was close and negative (Fig. 4) . The correlation indicates if the total plate count decreases, the pH of the products is approaching the frozen and two-hour defrosted product parameters.
After microbial testing of products, it can be concluded that none of the product samples showed the presence of E. coli. All samples had bacteria from the Bacillus family, aerobic endospores. Bacterial endospores are found in products from raw materials, filling and forming process. No mould formation on the surface of the products was found during the defrosting-time of the finished products and throughout the storage. This can be explained by the fact that the oven temperature of 180 °C is high enough to destroy mould spores. As we know from literature, the deterioration in product quality is caused by B. subtilis and B. licheniformis. These bacteria form endospores that are heat resistant and are present in flour and air (Sorokulova et al., 2003) . According to the results of the API test, after 72 hours of storage all samples of the meat pies showed signs of deterioration caused by the Bacillus species. Changes in quality also were observed. The samples had an unpleasant flavour, crust was unusual for the fresh product, it was soft and crumbled easily.
Packaging in which the products were defrosted and stored contributed to the growth of the bacteria because during defrosting packaging material did not allow the removal of moisture which is always released during defrosting. Similar results have been obtained by other scientists (Saranraj, Geetha, 2012 ).
Conclusions
Although water activity (aw) in meat pies slightly decreased during three-day storage, it was high enough (0.946) for moisture to be available for the development of microorganisms. The microbiological deterioration of the products was caused by Bacillus bacteria, of which Bacillus subtilis and Bacillus licheniformis were identified. Product contamination in the process of forming products with Bacillus bacteria more often is possible from air and raw materials.
In the study, comparing the packaging of products from polypropylene and polyethylene material, it can be concluded that both types of packaging are similar and do not prevent the development of microorganisms. The shelf life of frozen meat pies after defrosting is up to 48 hours in the polypropylene or polyethylene packaging.
